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Dispersants were liberally applied to Deepwater Horizon (DWH) surface slicks but also, unique to this 
spill, they were injected at the wellhead. The primary objective o f dispersant remediation at depth was to 
enhance breakup o f oil into smaller micro-droplets, which subsequently rise slower through the water 
column and weather quicker. Subsurface application o f dispersants was also believed to reduce response 
personnel exposure to volatile aromatic and aliphatic components after larger oil droplets eventually 
reached the surface (Ryerson et al., 2011). When applied to surface slicks, dispersed oil weathers quicker 
and remains entrained in near-surface waters where it is less susceptible to being wind-driven into 
intertidal habitats (NRC 2005; Katz 2009). Approximately 1,070,000 gallons were applied to the surface 
from aircraft and boats, -80%  as the Corexit 9500 formulation and -20%  as Corexit 9527, while an 
additional 771,000 gallons of Corexit 9500 were injected subsurface into the oil plume directly at the 
wellhead (Stout 2015a).

While evaluating more than 9,200 offshore and nearshore water samples (Payne and Driskell 2015a, 
2015b, Driskell and Payne 2015), the presence o f dispersant was indicated by detection of the active 
surfactant component, dioctyl-sulfosuccinate sodium salt (DOSS) or other dispersant indicators. DOSS 
was analyzed in water samples by ALS laboratory m Kelso, WA (previously CAS) and various academic 
labs using a newly developed high-perfonnance liquid chromatography/mass spectrometry (LC/MS) 
method (Gray et ah, 2011 and Kujawinski, et al. 2011). However, at Alpha Laboratory, standard gas 
chromatography/selected-ion-monitoring mass spectroscopy (GC/MS) was used to semi-quantify Corexit- 
derived components in water samples not requiring fractionation or cleanup (Stout 2015a). Dispersant 
indicators reported by Alpha included:

• 2-butoxyethanol, abbreviated herein as “2BE”, a major solvent in Corexit 9527 but also a 
contaminant in filters used to field-extract samples’ particulate-phase oil,

• di(propyleneglycol)-n-butyl ethers, abbreviated as “GE” for glycol ethers (and in some literature 
abbreviated DPnB), one o f the major solvents in Corexit 9500 and

• bis(2-ethylhexyl)ftimerate, a DOSS-derived, GC injection port heat-breakdown product 
associated with both Corexit 9527 and 9500 (Stout 2015a).

Concentrations presented herein are reported in ng/L (ppt) for both dissolved-phase and particulate-oil 
(filter) samples. Unique hydrocarbon distributions were noted as a dispersant effect and taken to confirm 
the effectiveness of deepwater dispersant application. O f the 9,200 forensically categorized water 
samples, 321 were forensic matches to DWH oil (MC252) also having dispersant-mediated profiles.

Dispersant Effects
As noted above, the primary objective o f dispersants is to break up oil—a task accomplished by attaching 
the surfactant’s oleophilic molecular end to oil’s surface in sufficient concentration to reduce the oil’s

1

DWH-AR0039201



surface tension and thereby create a micro-eruption of the oil droplet that reforms into smaller micro- 
droplets (Katz 2009, Gopalan and Katz 2010, Aprin et al. 2015). Gopalan and Katz demonstrated that at 
the sub-millimeter scale, a cmde oil droplet mixed with dispersant shears into formations o f localized 
regions with low surface tension that produce very long, micron-sized oil threads trailing behind the 
droplets (Figure 1 and Figure 2). Eventual breakup o f these threads into micron-sized droplets presumably 
occurs due to reduction of surfactant concentration, as the surface area increases and the water-soluble 
dispersant diffuses into the surrounding fluid. The shearing may be caused by interaction with micro­
scale turbulence from a simple buoyant rise or from mega-scalc sources such as splashing rainfall or 
breaking waves (Figure 2, Murphy et al. 2015). Aprin et al. (2015) also note that with dispersant, the 
reduced surface tension allows spherical oil droplets to transform into the ellipsoid, fdament and “cap” 
forms, which also increases their frictional drag, inducing turbulence and slowing their buoyant 
ascent. They also suggest that reduced surface tension should inhibit droplets from re-coalescing.

Figure 1. Images showing a) turbulent stretching of a crude oil droplet for disperant-to-oii ratio (DOR) of 1:20, with inset 
showing the capillary breakup of a section 2 ms later, and b) droplets with long threads trailing behind them, which are 
produced when a water jet impinges on a surface layer of oil mixed with dispersant (DOR 1:15)). (Images used with 
permission from Balaji, Gopalan and Joseph Katz, Johns Hopkins University).
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Figure 2. Dispersed oil droplet shedding microdroplets while rising. (Image used with permission from David Murphy 
and Cheng Li, Johns Hopkins University)
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The DWH-applied Corexit dispersants were lab and field-tested (under DWH response SMART 
monitoring protocols, Bejarano et al 2013) to empirically demonstrate their effectiveness. However, one 
effect that was assumed but not previously proven was that dispersant-treated oil droplets, because of 
their smaller droplet size and resulting very high surface-area-to-volume ratio, could lose their water- 
soluble, lower-molecular-weight polj cyclic aromatic hydrocarbons (PAH) more quickly than non­
dispersed oil (NRC 2005), i.e., they would weather quicker-an obviously important factor in evaluating 
dispersed-oifs dissolved-phase bioavailability/toxicity and modeling both non-dispersed and dispersant- 
treated oil’s fate and behavior. Payne and Bccglc-Krausc (2011) demonstrated the correlation of 
subsurface dispersant components and the dissolved/particulate-phase oil in the water column hut could 
not determine if  the subsurface injection o f the dispersants actually enhanced the breakup o f the oil into 
smaller droplet sizes.

Also, prior to the DWH oil spill, it had not been documented that DOSS and the glycol ethers indicators 
would be conserved (Gray et al., 2011, 2014; White et al., 2014). Kujawinski, et al. (2011) found 
evidence o f DWH dispersants within the depth range and fluorescent indications of the deep plume 
persisted up to 300 km from the well and 64 days after deepwater dispersant applications ceased but they 
didn’t analyze those samples for PAH. Our forensic reviews found dispersant indicators at plume depth 
with dissolved oxygen (DO) and fluorescent confirmations, 412 km from the wellhead (Payne and 
Driskell, 2015a).

Dispersant-mediated Samples
During forensic analyses o f the Natural Resource Damage Assessment (NRDA) water samples, 
dispersant-derived components were, for the first time, positively identified in field samples as tmly 
attached to the oil droplets, viz., appearing in the filtered, oil-phase samples (particulate droplets only) 
and not in the dissolved-phase filtrate (methods in Payne and Driskell 2015b, 2015c). Furthermore, the 
dispersant-mediated samples presented unusual weathering pattems with a unique, accelerated, abiotic 
dissolution o f the lower- and intermediate-molecular-weight PAH (through C3-dibenzothiophene, DBT3, 
Figure 3). Normal dissolution correlates with degree o f alkylation within each PAH group in a fairly 
linear manner, i.e., when plotting histograms o f individual PAHs arranged in order from lowest to highest 
molecular weights, dissolution results in preferential losses o f parent and less alkylated compounds, such 
that the oil’s unweathered “hump” distribution pattern is changed into a staircase pattem (Fig. 3). The 
term, “accelerated” dissolution, refers to the selective loss of the PAH m excess o f a “normal” water- 
washed pattern at such an early stage o f weathering. Dispersants accelerate the loss o f the lower alkylated 
PAH.

This effect is seen in a comparison o f dispersant-mediated versus non-dispersed field samples (Figure 4). 
Normalizing all values to each sample’s conservative C2-chrysene effectively adjusts the values for 
weathering. Plotting the normalized values as bivariate scatterplots demonstrates the weathering pattems 
for the two analytes and their dispersant treatment (groups). No attempt was made to adjust for the 
amount o f dispersant present relative to total PAH (TPAH). In reviewing the plots, the treatment groups 
for the various alkylated naphthobenzothiophene (NBT) isomers (bottom row) tend to appear in 
overlapping pattems, suggesting, as expected for these conservative analytes, very little weathering 
occurred, hi contrast, the C2- versus C3-phenantlirenes’ shift in group pattems (middle second row) 
implies these dispersed samples were weathering much faster than the non-dispersed samples. Similar 
effects are seen in all comparisons whereby statistically, 9 o f the 14 showed significant differences in 
bivariate location o f tlie two groups (Table 1) (using a nonparametric Mann-Whitney U test per Tabesh et
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al., 2010). As mentioned above, this accelerated weathering is likely an enhanced dissolution effect as 
dispersants successively create smaller and smaller oil droplets.
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Figure 3. Dispersant effects on oil profiles. Typical deep-plume, dispersant-mediated, whole-water sample (top) shows heaslly weathered PAH profile (left, overlaid with fresh 
MC252 reference-dotted red line scaled to C2-chrysene) svith accelerated weathering of naphthalenes through C-3 dihenzothiophenes, the distinctive chrysenes (right PAH group), 
high levels o f the glycol ethers (GE) dispersant indicator from Corexit 9500 (center npper-right plot), high concentrations o f BTEX volatiles (center lower right plot), and 
unexpectedly fresh, only partially biodegraded saturates (SHC) (right plot) for the extent o f PAH  weathering. Compare with normal, non-dispersant-mediated, weathered sample in 
lower plots. Hopane was measured but hiomarkers were not acquired. Sample and lab identifiers and lab matrix in upper left. Analyte abbreviations Usted in Appendix 1.
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Figure 4. PAH  distributions from dispersant-treated (blue) and untreated (red) water samples. A ll concentrations are 
“weather”normalized to the sample’s C2-chrysene. Samples are MC252 matched particulate samples with no dissolved 
components; n = 110 dispersed, 58 non-dispersed. Pattern shifts towards left In dispersant-treated samples suggest more 
rapid analyte removal for the group (statistics In Table 1). The lower molecular weight and less alkylated PAHs (upper 
rows) showed the most rapid weathering and thus appeared clustered away from the non-dispersed group. The 
recalcitrant, higher alkylated NBTs show the least differences in weathering rates (bottom row).
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Table 1. Statistical significance of differences in treatm ents in Figure 4 using Mann-Whitney U test for bivariate data; one- 
tailed, alpha = 0.05. Only 3 digits of p-value are presented.

p a ram e te r p-value significant p a ra m e te r p-value significant p a ram e te r p-value significant

FI vs F2 0.000 yes F2 vs F3 0.000 yes na

PA l vs PA2 0.000 yes PA2 vs PAS 0.000 yes PAS vs PA4 0.000 yes

DBTl vs DBT2 0.000 yes DBT2 vs DBT3 0.000 yes DBT3 vs DBT4 0.000 yes

FPl vs FP2 0.001 yes FP2 vs FP3 0.475 no FPS vs FP4 0.001 yes

NBTl VSNBT2 0.094 no NBT2 vs NBTS 0.314 no NBTS VSNBT4 0.290 no

Spier et al. (2013), also using DWH NRDA data, independently concluded that application o f subsurface 
dispersants increased hydrocarbon concentrations at depth based on total hydrocarbon detects and 
concentrations but did not document any finer insights to the process. These results were further 
corroborated by controlled tank tests (Brandvik et al. 2013 and Johansen et al., 2013) demonstrating both 
the dispersant’s effectiveness in breaking up the oil droplets, plus the hypothesized but heretofore 
undocumented, accelerated stripping o f lower- and intermediate-molecular-weight PAH from the oil 
droplets and their transfer into the dissolved phase (NRC 2005). These analyses and other DWH field data 
confirmed that the dispersants injected at depth actually worked, i.e. they both reduced droplet size and 
accelerated dissolution of oil components.

Identifying Dispersant-mediated samples
Dispersant-mediated weathering effects were markedly different from normal oil-seawater dissolution 
pattems (Figure 3 and detailed below). Seven characteristics o f the hydrocarbon profiles distinguished a 
dispersant-mediated sample:

1. Presence of dispersant (often at very high concentrations); DOSS, glycol ethers (GE), or 
2-butoxyethanol (2BE). The 2BE was also a confounding contaminant in filtered samples. For 
unknown reasons, the third indicator, bis(2 -ethylhexyl)flimerate, was not a reliable indicator.
Note that some early samples were not analyzed for dispersants (begun at Alpha Laboratory on 
25 July 2010).

2. A very weathered PAH profile with accelerated loss of light ends up through dihenzothiophenes.
3. A very distinctive water-washed chrj^sene pattem with CO<C 1<C2<C3<C4.
4. Significant SHC often present, not completely microbially degraded based on 

n-Civ/pristane and n-Cig/phytane ratios.
5. Dibenzothiophene/phenanthrene (D/P) ratios on atypical low trend path in double-ratio plots 

(D2/P2 VSD3/P3).
6 . Decalins, the dominant “pseudo-PAH” in Corexit, may be present and sometimes high, and
7. Dissolved samples usually contain excess fluorenes relative to phenanthrenes.

For fingerprinting purposes (Payne and Driskell 2015b), the uniquely weathered PAH pattems 
necessitated compiling a new dispersant-mediated reference scries (Figure 5). Unexpectedly, in this 
series o f dispersed particulate oil samples, there appeared markedly unweathered n-alkanes relative to the 
PAH weathering. Generally, SHC constituents are microbially degraded at a much higher rate than PAH, 
but these pattems suggested that the samples close to the wellhead had only undergone limited microbial
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degradation. Seemingly, the PAH were being removed by abiotic dissolution processes—presumably 
having been stripped into the water-column from the extremely small, chemically-dispersed oil-phase 
threads and droplets (Figure land Figure 2) even before the microbial degradation o f susceptible 
n-alkanes had begun. The partially degraded SHC profde in the first weathered sample (#2; Figure 5) is 
likely due to initial dissolution losses of the more soluble, shorter-chain (< € 1 3) n-alkanes compared to 
their higher-molecular-weight counterparts (McAuliffe 1987; Reddy et al. 2012; Payne and Beegle- 
Krause 2011).

As weathering advances, additional loss o f n-alkanes is more attributable to biodegradation as reflected in 
the biodegradation index ratios, Cn/pristane and n-Cis/phytane whereby the straight-chained n-alkanes 
are degraded slightly faster than the branched alkanes, pristane and ph^tane (NRC 1985). Throughout 
most o f the reference series (Fignre 5), both the SHC and the biodegradation rates remain relatively 
constant until the final few stages. Compared to non-dispersed particulate oil samples (discussed below 
and in Payne and Driskell, 2015b), at every oil depletion stage in the series, the dispersed samples’ 
indices show their PAH to be more degraded than the normally-weathered particulate samples (Figure 6 ).

Further afield, the SHC eventually disappeared. In the deepwater plume at distances greater than 32-64 
km (Figure 7a-c), there was extensive microbial degradation as Cn/pristane and n-Cig/phytane ratios both 
decreased to zero values. In more coherent surface slicks, however. Stout (2015b) documented delayed 
changes in n-Cn/pristane and n-Cig/phytane ratios and losses o f higher-molecular-weight waxes, relative 
to hopane, until the oil stranded in intertidal regimes. This was likely due to solar and emulsification 
processes creating an outer-skin barrier to weathering effects (Irvine et al. 1999, 2007; Ryan Rogers, 
personal communication. May 5, 2015).
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Figure 5. Reference series o f dispersant-mediated samples beginning with fresh oil (non-dispersed). Red line overlay is 
dispersed reference 2 scaled to NBT2 in PAH pints (left). Center plots o f SHC are scaled to fresh n-C26- Yellow dot in 
far-right D/P pints shows low path progression; dispersant glycol ethers (GE) and BTEX in center inset plots (red lines 
are method blanks). Samples without GE values were not analyzed for dispersants.
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Figure 6. Diagnostic SHC biodegradation ratios o f  non-dispersed and dispersed reference series samples (from Figure 5).
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W eathering  trend

MC252 sou rce  oil

Figure 7a-c. Views o f SHC diagnostic weathering ratios, C17/pristane and C18/phytane versus range (distance from  
wellhead) (km) and collection dates (colors). Blue, dark green and light green represent the initial May, June and July 
sampling periods. Other colors, samples w ith no C17 or C18 remaining, progress to December 2010. Spheres are 
dispersed samples, cubes are non-dispersed.

As a result of smaller droplets and more rapid dissolution, the dibenzothiophene/phenanthrene (D/P) 
ratios (Douglas et al. 1996) o f dispersant-mediated samples trend along a distinctive “lower path” across 
the D/P double ratio plot (Figure 8 a-c). Tliis lower path behavior appears to be substantially driven by 
accelerated removal o f C2-phenanthrenes and to a lesser extent, C2-dihenzothiophenes, while for 
unknown empirical reasons, the D3/P3 ratio remains more constant (Figure 8 ).

For these samples, the hopane-balance method used so effectively for assessing non-dispersed samples 
(Payne and Driskell 2015b, Forensic Fingerprinting Methods) was not as reliable. Typically, these highly 
weathered, dispersed samples were also low-TPAFl-concentration samples with very low expected 
hopane. Rather than striving for a hopane-balance closure in the minor percent differences, for these low- 
hopane dispersant-mediated samples, the assessment was more about being in the right magnitude for 
expected hopane abundance.
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Figure 8a-c. TPAH/hopane, D2/P2 and D3/P3 for M C252-matched, particulate field samples from early cruises. Front, 
top and oblique views. Like “normal” weathered samples, dispersed sampies quickly traverse the TPAH/hopane 
dimension (towards the back wall) from the source oil via rapid dissolution o f lighter components but then sidetrack onto 
a completely novel path as the D/P ratios reflect the accelerated dissolution from smaller droplets.

Dispersant-mediated oil samples also exhibit accelerated losses o f fluorenes that, as might be predicted 
from their dissolution constants (Kow values), are removed even faster than phenanthrenes (Figure 4). 
Using the sum of fluorenes/sum o f phenanthrenes as an index, dispersed samples tj^pically show enhanced 
fluorene/phenanthrene ratios in dissolved phase (Figure 9) relative to source oil (0.53), and conversely, 
lower values in the fluorine-depleted particulate phase. This simplistic transfer model becomes more 
complex to evaluate in environmental samples when, for instance, a dispersant-mediated particulate 
sample picks up additional dissolved-phase components (Payne and Driskell, 2015b). Dispersant-treated 
(“chemically enhanced”) water-accommodated-fractions (CEWAF extracts) generated for Tmstee toxicity 
studies were also noted to contain enhanced dissolved-fluorene concentrations. It is not known if  the 
elevated dissolved-phase fluorene increases toxicity in the field but they, and possibly other PAFI, are 
certainly more bioavailable to enhance exposure after dispersant treatment. Incardona et al. (2004, 2005, 
2014) and Brette (2014) noted that exposure to weathered cmde oil or individual tricyclic PAHs 
(fluorene, dibenzothiophene and phenanthrene) in laboratory studies caused specific defects in cardiac 
rate, rhythm, and contractility in zebrafish embryos soon after the heart became functional.

As listed above, the presence o f both unexpectedly fresh SHC and decalins also correlated with dispersant 
use. While the delayed SHC degradation seemed purely a dispersant effect, decalins, unfortunately, 
occurred in both MC252 and the Corexit blends and thus, confounded interpretation. Mostly, they simply 
alerted us to the possibility o f dispersant effects.

14

DWH-AR0039214



D R A F T -  D W H  A  TTORN EY W O R K  P RO D U C T /A T T O RN EY  C L IEN T C O M M U N IC A T IO N S

GU2888-A0809-WG105

1008144-05 

Water----------
2BET0H GE

8 0  TPAH50

0 Hopane 
2 Categ

1.45 F/PA

A

1

(0.53 in fresh oil)

- J
jT-irNrfi'T I—’-irN rn 'T 2>-irN « 'T;3:;Li->-2Li->-irNrnl— 
J JU U U U C Q H H H H  Z Z r n z “ “ ‘-^U  u - l i . l i . 2 _ - - - -  ~\i IIIIIIIII11 mmrrirri —

I—’-irNrn'TLL E T-i rN m'Ti—>-i rN m 'T <  O ’-I rN ro'T u. u_ Li_ CL Cl cc Q. <r Q. 
 ......................... UUUUCOii:<UJ<ljJQ^—cQ3mccimCL2<^-Qm

Figure 9. Example of enhanced fluorenes in dispersant-mediated, dissolved-phase sample. Sum o f  fluorenes to sum of 
phenanthrenes was 1.45 (relative to 0.53 in fresh oil) that suggests that particulate oil passing through this water parcel 
w as exposed to dispersant (GE in inset piot) and had lost fluorenes faster than phenanthrenes that were then 
incorporated into this sample. The effect is also impiied in upper rows of Figure 4 comparing the accelerated shifts of 
fluorenes relative to the phenanthrene homoiogues.

Microbial SHC Degradation
Oil biodcgradation is a complex process involving both microbial communities in the watcr-phascs as 
well as microbes attaching to oil surfaces (Brakstadt et al., 2015). Conceptually, dissolved hydrocarbons 
are more readily available for microbes in that they would not need to be extracted from a solid matrix but 
conversely, they would be diffused in a water parcel and thus, could also be a less concentrated resource. 
With particulate phase oil, microbes work the surface o f oil droplets by first exuding extracellular 
substances to attach themselves to the substrate and then release the extracellular enzymes (mostly mono- 
and dioxygenases in aerobic circumstances) to brealc down and selectively capture and transport 
otherwise insoluble hydrocarbons back across the cellular membrane (Gutierrez et al. 2013). Breaking the 
oil into smaller droplets would increase the oil-water interface, the space available for microbial 
attachment and growth. Not surprisingly, several laboratory studies have shown that dispersants can 
increase biodegradation (Siron et ah, 1995; Venosa and Holder 2007; Prince et al. 2013; McFarlin et al. 
2014; Brakstad et al., 2014). Brakstad et al. (2015) further demonstrate that biodegradation correlates 
with droplet sizes in dispersion; faster biotransformation o f the low-range and medium-range MW 
n-alkanes was measured in the 10 pm than the 30 pm dispersions; they conclude that the use of 
dispersants to generate small droplets will promote biodegradation in seawater under otherwise similar 
environmental conditions.

However, the lack o f significant microbial aliphatic degradation in high dispersant-mediated, DWH 
samples close to the wellhead does not support this enhancement concept (Figure 7). This may be due to 
an inhibitory effect from the C5 -C 10 homoiogues (e.g., pentane, hexane, heptane, octane, nonane, and 
decane) (Barthaand Atlas 1977) and the mono-cycloaliphatic compounds (e.g., cyclopentane, 
cyclohexane, and cycloheptane) (Leahy and Colwell, 1990) that were in high concentrations close to the 
wellhead early in the spill (Payne and Driskell, 2015a). Acting as solvents, they tend to disrupt lipid 
membrane structures of microorganisms. Other studies have noted that highly concentrated dispersed oil 
droplets, BTEX, or surfactants may initially inhibit microbial degradation o f hydrocarbons until PAH and 
SHC are diluted to levels more suitable to their metabolic or extracellular exudates’ functionality (Prince
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et al. 2013). Likewise, initial microbial degradation at depth may have been carbon rich but nutrient 
limited (Edw'ards, et al., 2011). Campo et al. (2013), Brakstad et al. (2015) and Venosa (EPA, personal 
communication, 22 Jan 2013) also noted inhibited or delayed n-alkane degradation in 
oil/dispersant/microcosm studies at 5° C and from these studies concluded that the inhibition may have 
been due to the impermeability o f a suggested waxy, solid-phase state of the SHC fraction at that 
temperature. These findings are in direct contrast to Hazen et al. (2010) concluding from a smaller, early 
DWH data set that most, if  not all, aliphatics were microhially degraded within a few weeks (half-lives of 
1.2-6.1 days). These interpretations were also discussed by Valentine et al. (2010, 2011) who concluded 
that currents, mixing processes, and autoinoculation would affect priming o f native microbiota and 
subsequent bioremediation processes. Despite these contrasting findings, clearly, with additional time 
and distance from the wellhead, aliphatic microbial degradation o f both dispersant- and non-dispersant- 
treated oil was comprehensive in zeroing out their n-Cn/pristane and n-Cig/phytane ratios (Figure 7). 
Away from the wellhead, microbial succession and hydrocarbon-degrading abilities are well documented 
(reviewed by Kimes et al. 2014).

Summary and Implications
Dispersant indicators, measured for the first time in field-collected, particulate-phase oil samples at depth, 
document the utility o f dispersant injections at the wellhead for reducing oil-droplet sizes and thus, 
limiting oil rising to the surface and potentially being transported to shorelines. Dispersant application at 
depth also resulted in markedly enhanced dissolution o f lower- and intermediate-molecular-weight PAH 
compared to non-dispersant-treated oil. Once dissolved, these components move with the plume (not 
buoyantly rising in the water column like larger oil droplets) but are still subject to microbial degradation. 
Enhanced dissolution and retention at depth also suggests increased hioavailability o f BTEX and PAH to 
benthic and pelagic organisms.

Elucidating the effects of dispersants on oil droplets at depth was a fortunate finding. Without the 
opportune convergence o f a clean ocean background, an entrained plume, and high dispersant and oil 
concentrations, dispersant-mediated profiles would have been difficult to isolate. Relying solely on the 
PAH data, these samples would have been enigmatically classified as a mixture or “other oil.” 
Furthermore, the now' revealed physical/chemical dynamics o f accelerated PAH depletion (up through 
dibenzothiophenes) will certainly instigate further investigations into dispersant/oil interactions. Samples 
with actual dispersant-modified profiles (i.e., not just containing dispersant indicators) comprised 318 of 
the 1,768 MC-252-matched water samples with the furthest in the plume, 183 km southwest of the 
wellhead. Dispersant indicators were found out to 412 km from the wellhead. A year later, in 2011, 
dispersant indicators were still detected in deep-bottom fiocculants, thus corroborating a “dirty blizzard” 
scenario (Passow et al., 2012; Schrope 2013).
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Appendix 1 -  Hydrocarbon names and abbreviations used in report.

Polycylic Aromatic Hydrocarbons (PAH) with extended alkylated homoiogues

Abbrev Compound Abbrev Compound Abbrev Compound
DO cis/trans-Decalin AO Anthracene BAG Benz (al anthracene
D1 Cl-Decalins PO Phenanthrene CO Chry sene/T ripheny lene
D2 C2-Decalins PAl Cl-

Phenanthrenes/Anthracenes
BCl Cl-Chrysenes

D3 C3-Decalins PA2 C2-
Phenanthrenes/Anthracenes

BC2 C2-Chrysenes

D4 C4-Decalins PA3 C3-
Phenanthrenes/Anthracenes

BC3 C3-Chrysenes

BTO Benzotliiopliene PA4 C4-
Phenanthrenes/Anthracenes

BC4 C4-Cluysenes

BTl Cl-
Benzo(b)tliiophenes

RET Retene BBF Benzo[b]fluoranthene

BT2 C2-
Benzo(b)thiophenes

DBTO Dibenzothiophene BKF Benzo[,k]fluoranthene

BT3 C3-
Benzo(b)thiophenes

DBTl C1 -Dibenzothiophenes BAF Benzo[a]fluoranthene

BT4 C4-
Benzo(b)thiophenes

DBT2 C2-Dibenzothiophenes BEP Benzo[e]pyrene

NO Naphthalene DBT3 C3 -Dibenzothiophenes BAP Benzo[a]pyrene
N1 Cl-Naphthalenes DBT4 C4-Dibenzothiophenes PER Peiylene
N2 C2-Naphthalenes BF Benzo(b)fluorene IND Indeno [1,2,3- 

cdjpyrene
N3 C3-Naphthalenes FLO Fluoranthene DA Dibenz[a,h]anthracene
N4 C4-Naphthalenes PYO Pyrene GHI Benzo[g,h,i]perylene
B Biphenyl FPl C1 -Fluoranthenes/Pyrenes
DF Dibenzofuran FP2 C2-Fluoranthenes/Pyrenes
AY Acenaphthylene FP3 C3 -Fluoranthenes/Pyrenes
AE Acenaphthene FP4 C4-Fluoranthenes/Pyrenes
FO Fluorene NBTO Naphthobenzothiophenes
FI Cl-Fluorenes NBTl C1 -Naphthobenzothiophenes
F2 C2-Fluorenes NBT2 C2-Naphthobenzothiophenes
F3 C3-Fluorenes NBT3 C3 -Naphthobenzothiophenes

NBT4 C4-Naphthobenzothiophenes

Saturated Hydrocarbons (n-alkanes and isoprenoids)

Abbr. Analyte

C9 n-Nonane

CIO n-Decane

Abbr. Analyte

C23 n-Tricosane

C24 n-Tetracosane
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Volatiles (BTEX)

C ll n-Undecane

C12 n-Dodecane

C13 n-Tridecane

1380 2,6,10 Trimelhyldodecane

Cl 4 n-Telradecane

1470 2,6,10 Trimelhyllridecane

C15 n-Penladecane

C16 n-Hexadecane

nPr Norprislane

C17 n-Heptadecaiie

Pr Prislane

CIS n-Ocladecane

Ph Phylane

C19 n-Nonadecane

C20 n-Eicosane

C21 n-Heneicosane

C22 n-Docosane

C25 n-Penlacosane

C26 n-Hexacosane

C27 n-Heptacosane

C28 n-Oclacosane

C29 n-Nonacosane

C30 n-Triaconlane

C31 n-Hentriaconlane

C32 n-Dolriaconlane

C33 n-Trilriaconlane

C34 n-T etratriacontane

C35 n-Penlalriaconlane

C36 n-Hexalriaconlane

C37 n-Heptalriacontane

C38 n-Oclalriaconlane

C39 n-Nonalriaconlane

C40 n-Telraconlane

Abbrev Analyte
B Benzene
T Toluene
E Ethylbenzene

X total-Xylenes
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